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Electromagnetuc shower

z Electromagnetlc calorimeter uses a successive
generation of secondaries - EM shower.

@ High energy photon occurs pair creation
dominantly.

@ High energy electron-positron pair loses its
energy by bremsstrahlung.




Radiation Length (Xo)

@ Characteristic amount for energy loss of
(high energy) photon and electron

@ mean distance over which a electron loses
Its energy as 1/e by bremsstrahlung

@ 7/9 of the mean free path for pair
production by a photon

3 foot notes



Longitudinal shower development

@& Number of secondaries
N = 2¢
& Average Energy
E(t) = Ey/2!

@ Shower development stops at

E(t) 1 EC E t=1 t=25 t=3

R’adiation Lengfh(Xo)

4 foot notes



Critical energy (Ec)

@ Energy at which a electron losses its energy as
same amount by bremsstrahlung and ionization.

@ Energy at which the ionization loss per Xo is
equal to the electron energy.

Copper (b) Lead (Z = 82)
Xo = 12.86 B cm‘2
E. = 19.63 MeV

Rossi:
Ionization per X

= electron energy

Cross section (barns/ atom)

Electron energy (MeV)




Atomic and nuclear properties of copper (Cu)

Quantity Value Units Value |Units
Atomic number 29 pterials
Atomic mass 63.546(3) |g mole™!
) : >) tables including radiative losses for muons, nuclear and pion
‘ SpCCIﬁC gravity 8.960 g cm‘3 us, plasma energy, and links (o isotope and x-ray mass atteunation
Mean excitation energy  (322.0 eV ]
. hatenals.
Minimum ionization 1.403 MeV g'lem? |12.57 [MeV cm'!
Nuclear collision length (84.2 g cm'2 9.393 [cm
Nuclear interaction length (137.3 g cm 2 15.32 |cm |[ } { } {
Pion collision length 109.3 g cm2 12.20 |cm |' [ [ [3He
Pion interaction length  [165.9 g cm2 18.51 [cm B | [N [0 [°F‘ 10Ne
1Al | 148 | 15P | 165 [17C1 [1Ar
Radiation length 12.86 g cm2 1.436 |cm 3168 [12Ge [33As [345¢ [16Br [3Kr
°ge 1 42 | ) 1 7 + ,,ln [soSn I5|Sb IQTC [ ”] [_qu
Critical energy 9 ‘McV (for ") | 18.79 [MeV (for ) T [ | B o [ o
MOIiém radiUS 14.05 g sz 1 .568 cm usNh I "‘ﬂ I"sMC ’"‘LV ["-,TS ["gOg
' 68Er |goTm [7gYD [yyLu | |
Flasma energy hwl’ 58.27 ev 1005 [101Md |1gaNO [yl | |
d |Muon critical energy 317. TGcV S
Melting point 1358. K 1085. |C
Boiling point @ 1 atm  [2835. K 2562. |C

For muons, dE/dx = a(E) + b(E) E. Tables of b(E): PDF TEXT
Table of muon dE/dx and Range: PDF TEXT

Explanation of some entries

Table of isotopes Warning: may not be current

X _ray mass attenuation coefficients
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porticle dote group

Atomic and Nuclear Proportlos of Materials
for more than 300 .{naterials

Click on element or other materal for properties of interest in high-energy physics: stopping power (<-dE/dx>) tables including radiative losses for muons, nuclear and pion
collision and interaction lengths, electron, positron, and muon critical energies, radiation length, P‘olim radius, plasma energy, and links o isotope and x-ray mass atteunation
coefficient tables and plots.

This Amm:c\luclempcmcﬁ page is upgraded as needed in response to suggestions and requests fo‘ new materials.

Suggestions and comments are welcome, Please report errors.

Chemical olomonts I-a'eqmcsm

\
. apull-down menu permits selection of the physical state. \.
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Inorganic compounds (Al through Fo) e
Inorganic compounds (Freon through Pu)
Inorganic compounds (Potassium thru yttrium)
Inorganic scintillators (BaF2 through Y2SI05)
Simple organic compounds

Polymers

Mixtures

Biological materials



Longitudinal shower development

@ Number of secondaries
N = 2!

& Average Energy

E(t) = Ey/2!

@ Shower development stops at
E(t) = Ec

t=0 | t=1 t=2| t=3

Rédiation Lengfh(Xo)
@ Maximum number of shower particles at which their

energy is critical energy ;

Eq
Ec= Ey/2'mae= ¢ —=In(=2)/In2
c=FEy/ 1VI(EC)/ n

8 foot notes



Energy deposit

@ Energy deposit « total integrated charged track
length
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EGS4 calculation
30 GeV electron
incident on iron

Eth = 1.5MeV
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t = depth in radiation lengths




